system was the first endocrine system to be studied experimentally with regard to the possible participation of emotional factors in its regulation. The concept that the adrenal gland might be susceptible to emotional stimuli was developed by Walter Cannon with characteristic logic. He reasoned that: (1) it was known that the adrenal medulla is linked to the sympathetic nervous system; (2) many physiological changes known to accompany emotional arousal, such as dilation of the pupils, fast pulse, piloerection, and inhibition of gastrointestinal function, etc., are all signs of increased sympathetic nervous system activity; and (3) therefore, as he put it, "Do not the adrenal glands share in this widespread subjugation of the viscera to sympathetic control?" 12 Cannon had been perhaps predisposed to think along these c-<ginal lines as a result of the deep impussion made upon him, in his early experience as an investigator, by noting the marked sensitivity of the stomach and intestines to psychological stimuli. 11 Together with de la Paz he set about devising an experiment which would test the possibility that the adrenal medulla is activated by psychological stimuli of the type occurring in the natural course of events in an animal's life. In 1911 Cannon and de la Paz reported that when a cat, placed in a holder, was frightened by a barking dog, detectable amounts of "adrenalin"-measured by an intestinalstrip bioassay-appeared in inferior venal caval blood obtained through an indwelling catheter, whereas none was detectable by this method under basal conditions. 12 Cannon, Shohl, and Wright also reported in 1911 that normal cats, excited either by being bound in a holder for the first time or by being caged and barked at by a dog, showed glycosuria in about an hour, while adrenalectomized cats failed to show this response. 13 Evidence for "emotional glycosuria" in 4 of 9 medical students taking a difficult scholastic examination and in 12 of 25 members of the Harvard University football squad (including players on the bench) during the most exciting contest of the season also was reported from Cannon's laboratory. 14 Elliott, who used a pharmacological approach, reported some evidence in 1912 suggesting that emotional stimuli influence the secretion of the adrenal medulla. 23 Hitchings et ah, using cats frightened by dogs, confirmed the results of Cannon and de la Paz and found that the "adrenalin" response was abolished by section of the splanchnic nerves." 4 These and other findings led Cannon in 1914 to propound the "emergency function" theory of adrenal-medulla function based upon the view that the many physiological or metabolic consequences of "adrenalin" release are each "directly serviceable in making the organism more efficient in the struggle which fear or rage or pain may involve." 14 This formulation of Cannon's and, in fact, his data, were shortly thereafter subjected to rather sharp criticism by Stewart and Rogoff. 104 Cannon responded to such criticism by repeating and confirming his basic findings on the stimulating effect of emotional excitement upon the adrenal medulla, using a new and more sensitive indicator of adrenal secretion, the denervated heart. 15 This ingenious study failed to forestall still further personal criticism from Stewart and Rogoff, 105 but the over-all work of Cannon and others left very little doubt as to the validity of Cannon's conclusions concerning the sensitivity of the adrenal medulla to emotional stimu-
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Although research on this problem languished for many years after Cannon's contributions were made, the field was eventually reopened for study by some important biochemical discoveries. The demonstration of the natural occurrence of norepinephrine in the body by Euler 31 and Holtz, 85 in the period beginning about 1946, and the establishment shortly afterwards of its role as an adrenal-medullary hormone and chemical transmitter of adrenergic nerves, as reviewed by Euler, 34 made necessary the reassessment of adrenal-medullary function at this new level of insight. The preparation of levoarterenol, an optically active form of norepinephrine, by Tainter et al. in 1947 was also of considerable importance in establishing the physiological significance of norepinephrine, as only a physiologically inert racemic mixture of this compound had been available up to this point. 107 The knowledge that two separate hormones, epinephrine and norepinephrine, were involved in mediating the effects of the sympathetic-adrenal medullary system naturally raised the question of whether the two hormones are separately regulated or respond in a unitary fashion. Several different lines of early investigation appeared to lend support to the hypothesis that there may be differential secretion of epinephrine and norepinephrine. Histochemical evidence was reported by Hillarp and Hokfelt in 1953« 3 and by Eranko in 1955 30 which indicated that separate types of cells in the adrenal medulla secrete predominantly epinephrine and norepinephrine, respectively. The selective release of epinephrine and norepinephrine upon stimulation of different hypothalamic areas in the cat was demonstrated by Redgate and Gellhorn in 1953 92 and by Folkow and Euler in 1954. 43 The study of catecholamine content of the adrenal glands of various African mammals led Goodall to postulate in 1951 that aggressive animals have higher concentrations of noradrenaline in the adrenal than do typically nonaggressive animals. 58 A large number of earlier studies in the psychosomatic field, reviewed by Cohen and Silverman, 18 had also generally suggested that anger, hostility, or aggressive impulses were associated with bloodpressure elevation in stressful life or laboratory situations-which might be construed as indirectly suggesting the special association of norepinephrine release with those emotional factors.
In a series of experiments based upon blood-pressure responses to injection of mecholyl or epinephrine, Funkenstein and his co-workers developed the concept that the response to psychological stress in persons who direct anger "inwardly" is characterized by predomi-nantly epinephrine secretion while the response associated with anger directed "outwardly" predominantly involves norepinephrine secretion. 84 " 57 Ax, using a variety of polygraphic measurements of autonomic functions, reported different patterns of normal subjects* physiological response to laboratory situations designed to elicit fear versus those which elicit anger.
2 These and other relatively early studies, done mostly prior to 1955, helped to establish a strong interest in the possibility that epinephrine and norepinephrine might be selectively related to different emotional states and served, particularly in the case of the concepts of Funkenstein and his associates, as a point of departure for many subsequent investigations.
As in the pituitary-adrenal cortical field, however, the early psychoendocrine studies of epinephrine and norepinephrine secretion were greatly limited by the lack of direct, specific, and reliable methods of hormonal measurement. The development, beginning in about 1950, of chromatographic-fluorimetric methods for measurement of epinephrine and norepinephrine in plasma by Lund 78 three categories: studies of stressful life and laboratory situations in normal human subjects; studies of psychiatric disorders in patients; and studies of stressful situations in laboratory animals.
Studies of Normal Human Subjects

Urinary Catecholamine Studies
AIRCRAFT FLIGHT.
The first systematic effort to study psychological influences on urinary epinephrine and norepinephrine levels was reported in 1954 by Euler and Lundberg, who used an aluminum hydroxide chromatographic technique coupled with a bioassay procedure. They found a selective increase in excretion of epinephrine-with little change in norepinephrine levels-in a group of military air transport passengers, while pilots showed an increase in excretion of both compounds during flight. These conclusions were based upon values in 4-hr, urine samples collected usually between 7 and 11 A.M., the period during which the actual 1-to 2-hr, flight took place, and upon comparison between flight and nonflight days. 33 Elmadjian, who also used a chromatographic-bioassay method, found urinary epinephrine and norepinephrine elevations in subjects performing on the pursuit-meter, which simulates the tasks of aircraft flight. 24 Klepping et al. attributed small increases in urinary epinephrine and norepinephrine levels in well-trained pilots to psychological rather than to physical factors. 87 Colehour and Graybiel also found increased urinary epinephrine and norepinephrine excretion in normal men exposed to acrobatic flight. Such responses did not occur, however, in subjects with labyrinthine defects; the authors suggest that the vestibular organs may be involved in the catecholamine responses observed in normal subjects.-' 0 Some instances of increased catecholamine excretion were reported by Ulvedal et al. in pilots during experiments in a space-cabin simulator. Although systematic psychological observations were not available, it was noticed that increased excretion of epinephrine was related to a number of unscheduled, stressful incidents-including dysbarism, painful arterial punctures, and annoying malfunctions of equipment. 109 ATHLETIC COMPETITION.
In an extensive series of studies by Elmadjian and his co-workers, based upon chromatographic-bioassay catecholamine measurements in short-term urine samples, it was found that urinary epinephrine and norepinephrine elevations often occurred in competing athletes in various sports, including professional hockey players, 20 ' 28 amateur boxers, 2 "' 28 and professional basketball players. 29 Catecholamine elevations before as well as after competition indicated that psychological factors were major determinants of the endocrine responses. Dissociation of epinephrine and norepinephrine levels were observed in some instances; high levels of one compound occurring either with or without concurrent elevation of the other compound. Marked differences in catecholamine responses between individual subjects were also noted in these studies. Psychological observations of these subjects yielded the impression, in keeping with Funkenstein's concepts, that active aggressive emotional states are related to increased excretion of norepinephrine, whereas tense, anxious, but passive emotional states are related to increased epinephrine excretion. 
GRAVITATIONAL STRESS SITUATIONS.
Cohen, Silverman, and their co-workers conducted a series of studies of catecholamine-excretion, blood-pressure, and psychological responses in normal subjects in relation to experiences with the human centrifuge.
4 On the basis of determinations in 1-to 3-hr, urine samples with a bioassay method, along with focussed interviews and projective tests for the psychiatric evaluation, it was generally concluded that the ratio between epinephrine and norepinephrine levels differs considerably between individual subjects exposed to the same situation and that the more aggressive subjects had higher norepinephrine and lower epinephrine urinary excretion levels than the more anxious subjects. 18 Correlations between catecholamine excretion, psychological factors, and "gtolerance" in the human centrifuge were also reported. 101 m Goodall and Berman, using a bioassay method, studied the influence on catecholamine excretion of both psychological and physical factors associated with human centrifugation. They observed marked urinary epinephrine elevations in relation to anticipation of centrifugation, that is, in the waiting period just prior to actual or mock centrifugation and during mock rides. It was suggested that the physical effects of centrifugation play a relatively minor role in the release of epinephrine in comparison with emotional factors. On the other hand, it appeared that norepinephrine release was more closely related to the physical factors, such as the hemodynamic changes associated with centrifugation. Conclusions were based upon short-term urine samples of 1-hr, duration or less before and during the experience (the time of the day not being specified), and control urine samples were obtained 3 weeks following the experimental day. 59 In a later paper, Goodall et al. also reported increased urinary epinephrine levels in normal subjects placed in a simulated weightless state by immersion in water; they suggested that this response may be related largely to emotional factors. 60 Frankenhaeuser et al. in studies of habituation to gravitational stress, found that the level of urinary epinephrine excretion was almost directly proportional to the intensity of the subjective emotional reactions to the experimental situations and that both hormonal and emotional responses decreased with repetition of the experience. 45 
MOTION PICTURES.
In 1959, Euler et al., using a biochemical procedure, reported a pronounced increase in urinary epinephrine excretion and a slight increase in urinary norepinephrine excretion in normal subjects viewing censored cuttings from motion pictures depicting extreme forms of violence and cruelty. These experiments began at about 6 P.M., thus minimizing the complicating factor of the diurnal rhythm, and conclusions were based upon comparison between control and experimental period urine samples of 2-hr, duration each. 38 More recently, Levi observed urinary catecholamine responses in young women viewing four different types of motion pictures selected for "anxiety-provoking," "aggression-provoking," amusing, or bland qualities. He found significant increases in mean epinephrine excretion and similar epinephrine/norepinephrine ratios in response to both an "aggressionprovoking" film and an amusing film, while the "anxiety-provoking" film was associated with both urinary epinephrine and norepinephrine elevations. 71 ' T2 The bland natural-scenery films lowered urinary catecholamine levels significantly, 71 - 72 an effect very similar to that previously reported by Wadeson et al. in relation to plasma 17-hydroxycorticossteroid levels. 110 Levi also reports that urinary catecholamine responses were observed in women viewing films with a predominantly erotic content. 73 MENTAL WORK.
The effect of psychological tasks, such as those included in conventional intelligence tests, upon catecholamine excretion was studied by Frankenhaeuser and Post. Using a biochemical method, a 1-hr, experimental urine sample, and a 2-hr, control "inactivity" sample, they found significant elevations in urinary epinephrine-but not norepinephrine-excretion to be associated with the performance of these tasks (which included mental arithmetic). It is not clear whether the diurnal rhythm of catecholamine excretion was considered in these experiments. 114 A similar study subsequently reported by Frankenhaeuser and Kareby does, however, employ 3 successive 40-min. urine samples, a "before," "during," and "after" sample on the same day. In this study the intensity of the stressful experience was enhanced by rushing and unfairly criticizing the subjects during performance of their tasks. Both urinary epinephrine and norepinephrine elevations were observed not only during the experimental period but also in the anticipatory waiting period, as judged by comparison with "inactivity" samples taken on a different day. It was also found that the urinary catecholamine responses were diminished by the administration of meprobamate prior to the experiment. 48 While, in general, epinephrine responses were more pronounced and consistent, the interesting observation was made in a subsequent study by Frankenhaeuser and Patkai that those subjects who showed the highest norepinephrine responses during mental work being performed under stressful conditions were also the subjects who showed the greatest improvement in performance during the stressful experience. 47 The important problem of interindividual differences in catecholamine excretion during stressful situations has been also approached in these experiments recently by Frankenhaeuser and Patkai. In a study of 110 students, their results did not support the view that predominantly anxious versus aggressive individuals vary in their catecholamine response. Factor analysis, however, suggested that individuals with depressive tendencies had a relatively weaker epinephrine response on stressful occasions involving mental work. 48 Akabane has reported that 2 young men involved in the performance of a vigilance task for 4 hr. a day excreted increased amounts of epinephrine and norepinephrine on a day of work as compared to an idle day, the change being most marked at the beginning of the work. 1 Friedman, Byers, and their associates found increased urinary norepinephrine and VMA excretion on work days in a group of men exhibiting excessive competitive drive, aggressiveness, and an enhanced sense of time urgency -a behavioral pattern found to be often associated with coronary artery disease.
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52
One of the most active workers in this field recently has been Levi, who has reported an extensive series of studies of urinary catecholamine excretion in relation to psychological factors. In 1961 he reported a study of urinary catecholamine excretion in normal subjects-divided into "low-stress tolerance" and "high-stress tolerance" groups on the basis of clinical evaluation-in relation to a 1-hr, task of sorting 2000 steel balls of four different sizes, with an 0.8-mm. difference between sizes, in the presence of harassment by noise, bright light, and criticism, as well as the pressure of time. Using a biochemical method and 3 successive 2-hr, urine samples covering the periods before, during, and after the experimental task, he found an increase of epinephrine excretion in both groups during the stressful period. The "lowtolerance" group also showed a significant rise in norepinephrine excretion as well as generally higher mean epinephrine levels in all 3 samples. 68 Levi later repeated these experiments in another larger group, in which he used stressful motion pictures as well as the steel-ballsorting tasks in an otherwise standardized situation. The elevations in mean epinephrine levels and the lesser change in norepinephrine levels associated with these situations were confirmed, but no significant difference was observed in catecholamine responses between the "low-tolerance" and "high-tolerance" groups. Some evidence was obtained of a relationship between the strain felt by an individual and his epinephrine excretion in the different situations. It is mentioned in this study that the control urine collection period started at 8 A.M., which raises the question of the extent to which diurnal changes in catecholamine excretion may have complicated the interpretation of results. 69 In a subsequent study of young women who were performing their everyday work as invoicing clerks, he found that substantial increases in both urinary epinephrine and norepinephrine excretion (40 and 27%, respectively) occurred on days when the work was performed on a piecework rather than a salaried basis. Evidence of physical and mental discomfort also was associated with performance on a piecework basis. 70 In an hourto-hour study of 9 female telephone operators during 8 hr. of work and rest periods, Levi concluded that the variations in work load correlated better with norepinephrine excretion than with epinephrine excretion. The raw data indicate, however, considerable individual variation in this study.
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SCHOLASTIC EXAMINATIONS. B o g d o -
noff et al. studied the catecholamine responses to final college examinations, the experiment beginning at 11 A.M. and involving a 2-hr, control urine sample and experimental and recovery urine samples of about 1-hr, duration each. Increased epinephrine excretion was observed in all subjects during the examination period, but there was no consistent change in norepinephrine excretion as determined by a bioassay procedure. A positive correlation was found between the self-reported intensity of affective arousal and the change in epinephrine excretion during the examination. 6 ' 7 Substantial elevations in 24-hr, urinary epinephrine and norepinephrine levels have also been observed by Mason et al. in a small group of students taking final college examinations, although interindividual differences in response were considerable. 85 OTHER SITUATIONS.
In a study involving 24-hr, urine collections and biochemical measurement of urinary catecholamine levels, Tolson et al. recently reported significant epinephrine and norepinephrine elevations on the first day of hospitalization in normal young adults as compared with a later period following adaptation to the new environment.
As in the case of the pituitary-adrenal cortical system, 83 it appears that the element of novelty is an especially important factor in relation to catecholamine regulation. 108 Mendelson et al. found elevation of both urinary epinephrine and norepinephrine levels in normal young men exposed to a laboratory situation in which some degree of sensory deprivation was produced by having the subject lay on his back in a respirator for a number of hours. Urine samples were collected in 12-hr, portions and analyzed by a biochemical technique, but the results are expressed in such a way that it is not clear if the diurnal rhythm of catecholamine excretion was taken into account in the evaluation of results. It also appears difficult to separate possible effects of sensory deprivation per se from the psychoendocrine reaction of each subject to the situation as a whole, particularly with regard to the element of novelty. Mendelson et al. emphasize the limitations of mean group data and the importance of paying closer attention to the significance of individual differences in catecholamine response pattern-noting that a simple, two-valued system of "epinephrine responders" and "norepinephrine responders" is not adequate for the interpretation of the more complex response patterns they observed. 87 Metz et al. reported a marked increase in biochemically measured urinary epi-VOL XXX, NO. 5 (PART II), 1968 nephrine levels and a slight increase in norepinephrine excretion in normal subjects during a night of sleep deprivation. They also found that the urinary epinephrine and norepinephrine response to a work day on laboratory tasks was greatly exaggerated following a night of sleep loss, probably to a greater degree than can be accounted for by the effects of muscular work load and intense psychomotor activity. 88 In a study of paratroop trainees and officers in various stressful training situations, Bloom et al. found urinary epinephrine and norepinephrine levels to be generally increased in tower training and actual jump situations as compared with night-rest or ground-activity periods. No difference was found between officers and trainees and the data suggested that habituation does not occur very rapidly in these situations. Efforts to find correlations between catecholamine levels and personality traits, while promising in some respects, were inconclusive. 5 In a preliminary report of a study of soldiers under conditions simulating combat, Levi has observed marked rises in catecholamine excretion coinciding with periods of emotional turmoil in individual subjects. 74 Mason et al. have also observed substantial urinary epinephrine and norepinephrine elevations in soldiers during stressful events associated with basic training in the Army. 84 Changes in catecholamine excretion have been reported in relation to emotional reactions to dental treatment, 98 to conditioned escape and avoidance procedures, 60 86 and in normal subjects receiving electric shock to the hand. 49 In the latter study, Frankenhaeuser et al. demonstrated a quantitative relationship between epinephrine excretion, subjective reaction, and the intensity of the electric shock. 4 
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Incidental observations of urinary catecholamine responses in relation to emotional reactions during the course of studies primarily concerned with other aspects of catecholamine regulation have been reported by Feller et a/. 42 and by Bischoff and Torres. 4 
Plasma Catecholamine Studies
A curious methodological feature of the psychoendocrine research on catecholamine responses in normal human subjects might be pointed out. Virtually all the studies reported so far have involved urinary measurement of epinephrine and norepinephrine levels, although methods have been available for measuring plasma catecholamine levels for more than 10 years and were applied successfully to human studies as early as 1955 by Renton and Weil-Malherbe, who reported that plasma epinephrine levels were higher during the waking state than during sleep. 94 Several factors may account for this relative lack of studies of plasma catecholamine responses to psychological stimuli and this problem will be discussed in more detail later. An important factor in our own laboratory has been some early experimental observations on normal subjects in which 2 successive 25-ml. blood samples were obtained in separate syringes through the same needle, each sample requiring about 2 min. to be withdrawn. Analysis of these samples indicated that significant plasma norepinephrine responses just to the venipuncture procedure itself occurred in well over half the subjects. 86 Coppen and Mezey also have found changes in metabolic rate and ventilatory equivalent in response to venipuncture in normal subjects, which they attributed to catecholamine release. 21 It is very likely that this factor constitutes an important source of variance in studies of conscious subjects and that special methodological measures are required to minimize its interfering influence.
Studies of Psychiatric Patients
In connection with their other early work on blood pressure response to epinephrine and mecholyl, Funkenstein and his collaborators studied a large group of psychoneurotic and psychotic patients. There was indirect evidence of excessive secretion of "epinephrine-like" substances in many patients, particularly in those diagnosed as having manicdepressive or involutional psychoses, while most subjects in whom excessive norepinephrine secretion was suspected were diagnosed as schizophrenics and included those with paranoid tendencies. Some correlations between the suspected secretion pattern and response to electric shock therapy were also reported. 53 '
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Urinary Catecholamine Studies
Using a bioassay procedure, Elmadjian et al. found elevations in epinephrine excretion in a group of psychiatric patients during the period when they were presented at a staff conference. 28 An increase in epinephrine excretion was also observed following LSD administration in patients with manic-depressive disorders or involutional depression, but not in "chronic schizophrenic" patients.
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In an evaluation of 10 psychiatric patients with the Malamud-Sands rating scale tests, Elmadjian et al. derived some further support for the hypothesis that active, aggressive emotional displays are related to high norepinephrine excretion while tense, anxious, but passive emotional displays are related to high epinephrine excretion. 26 Although some attempts were made by Elmadjian et al. 25 -^ and by Manger et aZ. 79 to determine experimentally whether the interpretation of Funkenstein's test as provid-ing an index of epinephrine and norepinephrine levels was valid or not, Feinberg in 1958 concluded in a critical review of this field that the parameters of the Funkenstein test were still undefined and that the relevance of his findings to endocrine function was still undecided. 41 In one of the first longitudinal studies of urinary epinephrine and norepinephrine excretion in psychiatric patients, Strom-Olsen and Weil-Malherbe found that epinephrine excretion was significantly higher during the manic than the depressed phases in a series of manicdepressive patients. 100 This finding was confirmed by Bergsman, who also made extensive observations of other types of psychiatric patients. He found no differences in mean urinary output of catecholamines between chronic schizophrenic patients and normal subjects. When emotional outbursts occurred in schizophrenic patients, however, concomitant elevations in epinephrine excretion were observed. Patients with senile dementia had very low urinary epinephrine levels, but snowed marked norepinephrine elevations when they were irritated or upset. 3 Shinfuku et al. reported a positive correlation between norepinephrine excretion and mania in a longitudinal study of a manic-depressive patient, but epinephrine excretion did not show similar correlations with mood." In studies of relationships between pyrocatecholamine excretion, measured fluorimetrically, and response to electroshock therapy in psychiatric patients, Sourkes et al. found that the majority of those patients who improve after therapy have lower catecholamine excretion in the morning than those who are not improved. 102 
19 -101 They also found some correlation between psychomotor activity and catecholamine excretion, and raised the question also whether increased muscular tension might be an important variable in evaluating catecholamine levels during emotional distress. 101 In a longitudinal study of patients made during acute schizophrenic reactions, Sachar et al. found that urinary epinephrine levels fluctuated during changing phases of psychotic illness much in the same fashion as do the corticosteroids. During phases characterized by affective distress, such as "turmoil" or "depression" phases, epinephrine levels are high, while during calmer "psychotic equilibrium' or "recovery" phases, levels subside. No striking correlation between motor activity and catecholamine levels was noted in these patients. At times of extreme emotional upset, such as in turmoil phases, striking epinephrine elevations up to 40 /ig./day, or about eight times the mean normal values were observed. 95 In an acutely disturbed patient with psychotic depression, Bunney and Mason also observed urinary epinephrine levels up to 40 jag./day, and norepinephrine levels as high as 120 /tg./day, or about four times the mean normal value. major metabolites of epinephrine and norepinephrine have been studied in relation to psychological factors. In a group of psychiatric patients, Nelson, Masuda, and Holmes reported lower levels of metanephrine and normetanephrine during periods of calm, controlled behavior, whereas levels were elevated in association with agitated, unstable behavior. The findings of this study did not, incidentally, support the Funkenstein concept. 90 Some studies of the excretion of another less specific metabolite of epinephrine and norepinephrine, 3-methoxy-4 hydroxymandelic acid (VMA), have also been reported, 78 ' 9T but another study in which lack of correlation between epinephrine, norepinephrine, and VMA excretion was found raises some question as to the interpretation of VMA changes. 91 In a longitudinal study of epinephrine, norepinephrine, and VMA excretion in 9 schizophrenic patients seen over a period of several months, Pscheidt et al. found elevated epinephrine and norepinephrine excretion during periods of "worsened behavior" accompanied by anxiety and increased motor activity, 91 confirming some earlier similar observations. 8 VMA excretion did not always parallel epinephrine and norepinephrine excretion, particularly in 24-hr, urine samples. 91 
Plasma Catecholamine Studies
As in the study of normal human subjects, there has been a notable lack of investigation of plasma catecholamine responses to emotional factors in psychiatric patients. In 1955 Weil-Malherbe studied mean plasma epinephrine and norepinephrine levels in various types of psychiatric patients and, on the basis of differences between the general classes of oligophrenic and nonoligophrenic patients, suggested a broad correlation between the plasma epinephrine level and "the level of consciousness or the extent of nervous activity." He postulated that the low plasma epinephrine level in oligophrenia is a reflection of the reduced mentation processes in these patients. 112 In 1958 Regan and Reilly reported an attempt to correlate plasma epinephrine and norepinephrine levels with changes in the emotional state of individual patients on two different occasions. They did not find differences in mean plasma catecholamine levels between different diagnostic categories of psychiatric illness. On the two different occasions changes in epinephrine and norepinephrine levels were in the same direction as the emotional rating in about two-thirds of the 60 subjects studied. Some descriptive and personality features, which appear to indicate the frequency with which this parallel relationship between catecholamine levels and emotional state will occur, were tentatively suggested. 93 In a survey of various diagnostic categories of patients with psychiatric disorders, Manger et al. found no striking differences in mean catecholamine levels in comparison with those of normal subjects. 79 Consideration of some other studies of the stability of catecholamines in plasma and of brain catecholamine metabolism in psychiatric disorders will be omitted as these studies do not bear directly upon the principal issue under discussion, the sensitivity of epinephrine and norepinephrine levels to psychological factors.
Studies of Experimental Animals
Although Cannon's pioneering work reported more than 50 years ago was based almost entirely upon the study of cats, it is curious that animals have been used relatively little in modern psychoendocrine research on the sympatheticadrenal medullary system. Following the experience in our own laboratory of observing plasma catecholamine responses to venipuncture in human subjects, we turned to the chair-restrained rhesus monkey, which permitted the elimination of venipuncture by the use of a chronic cardiac catheterization technique. Behavioral conditioning procedures were used in an effort to elicit a variety of emotional responses relatively free of physical factors and under a considerable degree of control.
In using this approach, we found that moderate plasma norepinephrine elevations occurred in a wide variety of acute, stressful conditioning procedures, but that comparable elevations in plasma epinephrine levels occurred considerably less frequently and apparently only under rather special conditions. 80 While it was, of course, not possible to specify the type of affective reaction accompanying these different patterns of catecholamine response, several factors appeared to be related to the occurrence of marked epinephrine responses. The element of unpredictability or uncertainty appeared particularly relevant to epinephrine release, in combination with the threat of a noxious stimulus and with the element of "involvement" or "trying" in the performance of a self-protective task. Procedures which were familiar to the animal and rather stereotyped, although presumably unpleasant, were usually associated with norepinephrine elevations, but with relatively little change in plasma epinephrine levels. 80 In those situations associated with substantial epinephrine elevations, both plasma norepinephrine and 17-OHCS responses were usually also of exceptional intensity, so that the question is raised as to whether one is concerned primarily with a qualitative or quantitative difference in psychoendocrine response. These findings in the monkey have recently been confirmed and extended to some degree, but it is clear that the extent to which this problem can be pursued in the animal is limited.
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Comment
The many studies just reviewed ar<; clearly in general agreement with the concept that the sympathetic-adrenal medullary system is highly sensitive to the influence of psychological factors. This conclusion rests not only upon observations of stimulus-response relationships, but also upon the roughly quantitative correlations between the magnitude of catecholamine response and the intensity of observed emotional response. The earlier conclusions of Walter Cannon concerning the subjection of this neuroendocrine system to psychological factors have therefore been amply borne out in studies employing modern biochemical and bioassay methods for catecholamine measurement in blood and urine. It is clear that elevations of both epinephrine and norepinephrine levels may occur in response to psychological stimuli, although in some instances selective responses of one hormone or the other may occur and the system is not unitary in this respect.
Euler has recently emphasized the significance of the findings, showing graded catecholamine responses with increasing intensity of psychological stimulus. 40 Levi has also concluded that a positive correlation exists between the intensity of emotional arousal (whether it be pleasant or unpleasant) and the urinary excretion of epinephrine, and possibly of norepinephrine. He has also emphasized that emotional stimuli of a considerably smaller intensity than those occurring in the everyday life of most people may be sensitively reflected in catecholamine levels. demonstrate convincingly the keen sensitivity of the sympathetic-adrenal medullary system to psychological influences, even in response to relatively subtle, "everyday" emotional reactions or mental activities, the question of the differential response of epinephrine and norepinephrine levels to emotional stimuli has not yet been fully clarified from a psychological standpoint. Perhaps the predominant urinary-response pattern observed in human subjects exposed to acute moderately stressful situations has been an elevation of epinephrine excretion, with smaller and more variable changes in norepinephrine excretion. Unfortunately, not many studies in which such acute catecholamine responses to stressful stimuli or situations have been observed have included systematic measurements of the quality and intensity of emotional reactions by multiple observer and selfrating procedures similar to those employed in comparable studies of corticosteroid responses.
In fact, most of the clinical data relating specific affective states to catecholamine excretion appear to be based largely upon general clinical impressions, supported in some instances by psychological test data, concerning rather stable personality differences in individual persons-such as being predominantly aggressive or passive, for example. W1 who primarily used this approach, were in general agreement that individuals who tend to be active and aggressive and more apt to display hostility and anger tend to excrete more norepinephrine, while epinephrine excretion is more likely to predominate in individuals who characteristically react in a passive, anxious manner.
Most of the remaining psychoendocrine studies of urinary catecholamine responses in normal humans are based almost solely upon situational criteria: the occurrence of events or conditions which should presumably be stressful to most people; they lack attempts at objective assessment of emotional or other psychological factors in relation to the situation. Such studies, while useful in establishing in a general way the sensitivity of the system to environmental and psychological factors and in determining the degree of covariation between epinephrine and norepinephrine levels, have some substantial limitations. The resulting data are necessarily analyzed primarily in terms of group mean values, which tends to obscure the striking individual differences in response pattern that appear to provide some of the most promising clues at present to investigation of the differential relationships between psychological factors and epinephrine and norepinephrine responses. Studies of group mean values also invite the danger of misconstruing results as indicating a lack of catecholamine responsivity to emotional stimuli rather than as indicating that emotional reactions are not necessarily shown by all, or even most, persons in any particular stressful situation. It appears very likely, then, that psychoendocrine research on the sympathetic-adrenal medullary system must in the future follow a course similar to that used for the pituitary-adrenal cortical system by gradually expanding the number of psychological parameters under observation-not only in the systematic, objective estimation of affective state but also in the direction of evaluating more fully some major differences in long-standing personality characteristics, particularly with regard to the type and effectiveness of psychological defenses and to dynamic factors. 83 Mendelson et al. have called attention to the ne-?d for more detailed study of individual differences in this field and pointed out that their data suggested rather complicated patterns of individual response differences. " While the few studies devoted to the question of the affective concomitants of epinephrine versus norepinephrine secretion have yielded encouraging results and have suggested some tentative general conclusions, it may be well to some extent to reserve judgment on this issue until further studies are available which relate catecholamine responses not only to specific affective states but also to specific aspects of ego structure, particularly the organization of psychological defenses and the use of tension-relieving mechanisms.
With regard to absolute urinary epinephrine and norepinephrine levels in response to stressful situations, some general guidelines appear to be emerging. Urinary epinephrine levels under basal conditions in normal adults average about 5 /*g./day and twofold or threefold elevations are not uncommonly observed in relation to stressful life situations. Occasionally, more marked elevations up to 40 /^g./day may be observed in association with intense emotional disturbances in psychiatric patients. Normally, urinary norepinephrine levels average about 30 /*g./day under basal conditions and tend to show smaller percentage changes, with elevations seldom above 90 /*g. /day-except, again, in the case of severely disturbed patients in whom values up to 120 /xg./day have been observed. Although it is difficult to generalize about absolute levels in the many studies involving short-term urine collections (because of differences in the manner of expressing the results and differences in the time of day experiments were performed), it does appear that twofold elevations in urinary epinephrine excretion rates have been rather frequently observed in stressful situations. Comparable elevations in norepinephrine excretion rate have perhaps been somewhat less commonly found.
Perhaps one of the principal obstacles to progress in this field is a basic methodological problem relating to the question of plasma versus urinary catecholamine measurements. As a general rule in studies of endocrine regulation,
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plasma hormone measurements, each representing a single point in time, have been regarded as more suitable for defining acute responses to stimuli in shortterm experiments in terms of minutes or hours, while urinary measurements have been generally applied to experiments of longer duration, in terms of at least several hours, days, or even a longer period. Yet, psychoendocrine studies of catecholamine responses to acutely stressful situations have been limited so far almost exclusively to the measurement of urinary hormone levels in short-term urine samples, usually of 1-to 3-hr, duration. Such a sampling design has substantial limitations-although, to be sure, its use has yielded much valuable information. Because of the variability in completeness of voluntary bladder-emptying, there is the troublesome question of the reliability of any single urine sample collected without catheterization in a short period. Aside from that problem, the most serious limitation is the fact that even such short-term urine collections do not permit the point-to-point correlation between stimulus, psychological response, and hormone response which can be achieved by the measurement of plasma hormone levels. Urinary measurements cannot be expected to provide a fine analysis of the dynamics of response when one is dealing with a system in which enormous elevations or precipitous drops in levels can occur within a 5-min. period.
Another important limitation of the short-term urine collection experiment, which apparently has not been taken into account with adequate control measures in some past studies, is the possible complication of results by the diurnal rhythm of catecholamine excretion. As most studies of the diurnal rhythm of catecholamine excretion have involved day-night comparisons of periods representing many hours of urine collection, it is apparently not generally recognized that diurnal changes in epinephrine and norepinephrine excretion may in some instances be extremely marked and abrupt in the morning hours as judged by the differences in levels between 2-hr, samples. In the monkey we have observed epinephrine levels between 7 to 9 A.M., for example, which show a twofold or greater difference in comparison with the levels between 9 A.M. and 3 P.M. under normal basal conditions. A number of studies on human subjects, however, have involved the use of early morning samples as "prestress" control samples for comparison with "stress" periods later in the morning or early afternoon. This is clearly a dangerous practice unless additional control information is obtained, such as the collection of two successive "prestress" control samples to outline the direction and degree of diurnal change at the time the stimulus is presented, or at least a collection at exactly the same time period on a day when the subject is under basal conditions. The latter measure does not, however, take into account possible shifts in the position of the peak of the diurnal rhythm on different days that may occur in any particular subject. The problem can also be minimized, as in the movie study by Euler et al., 38 by scheduling the experiment in the afternoon or early evening well past the major, abrupt diurnal changes in catecholamine excretion.
It seems likely that there are more profound reasons for the almost exclusive reliance upon urinary catecholamine measurements than the mere following of precedent set by early psychoendocrine experiments in which this approach was necessarily used. Acute experiments with plasma epinephrine and norepinephrine measurements present extraordinary and formidable technical difficulties in at least two respects. First, biochemical methods sensitive enough to measure the extremely minute amounts of the catecholamines in a reasonably small volume of blood are among the most delicate and difficult of all hormone assay procedures to set up and, especially, to maintain in reliable operating condition week in and week out. These methods require not just virtuoso performance of the biochemical technician in terms of quantitative technique but also the most rigorous and meticulous attention to minute details in such matters as the preparation of reagents and the cleaning of glassware according to uniformly exacting standards, as well as the incorporation of rather elaborate internal control measures which assure a comprehensive check on the reliability of each analytical run. It may take many months of persistence and practice even for the initial setting up and validation of a plasma catecholamine method. Even after the method is thus established, it may be expected that analytical losses and breakdowns will occur with annoying frequency and that, while such problems may be detected with proper routine internal controls, the precise source of error may not always be tracked down so that recurrence of similar trouble can be subsequently eliminated. It would seem to be quite understandable, therefore,, on just this basis alone, that so few psychoendocrine studies of plasma catecholamine levels have appeared as yet. It should be pointed out, however, that significant technical advances have been made, that many methodological sources of error have been discovered and eliminated in recent years, and that reliability is gradually improving. 87 -39 In addition, the technical problems faced from the physiological standpoint are, unfortunately, scarcely less difficult to cope with. The extreme lability of the sympathetic-adrenal medullary system, which responds so rapidly that levels may show more than a tenfold change in the human or monkey in 2 min. or may, on the other hand, drop from a peak of 10 /*g./L. or more to less than 1 /tg./L. in a few minutes, places heavy technical demands upon the physiological investigator working with the conscious subject. It appears almost obligatory, first of all, to use some type of indwelling intravenous catheterization technique to eliminate possible psychoendocrine responses to repeated venipuncture. In addition, the use of multiple prestimulus samples and recovery samples and the rigorous control of extraneous environmental stimuli would appear to be essential.
This sobering appraisal of the difficulties attendant, in our own experience at least, to experiments involving plasma catecholamine responses in conscious subjects is not meant to discourage others, but rather to convey that the difficulties involved are identifiable and surmountable and that the importance and need for more work with this approach make it worthy of the special effort and patience required. It is a curious fact, for example, that well over 10 years after the provocative report of Ax, which described differential physiological responses to laboratory tests designed to elicit fear and anger responses respectively, 2 apparently there are no reported efforts to repeat his experiments with the addition of direct measurement of plasma epinephrine and norepinephrine levels. Other techniques of eliciting acute emotional reactions in the human, such as the use of hypnosis, motion pictures, psychological tests, conditioning procedures, and small group interactions, in conjunction with intensive psychiatric and psychological efforts to evaluate the actual emotional reaction in each subject, may also well deserve application to studies of plasma epinephrine and norepinephrine response patterns in the human subject.
While the study of human subjects appears essential for the ultimate definition of possible relationships between catecholamine secretion and specific emotional states, it seems likely that addi- 82 can be confirmed by other workers for this species and whether other species of animals may show these same two patterns or different patterns of plasma epinephrine or norepinephrine response to psychological stimuli. There is a need to obtain more data on catecholamine responses in animals to situations designed to elicit anger-preferably not with procedures involving the use of threat of painful stimuli but rather with one such as the sudden extinction of food reward to animals working on a difficult and exacting schedule like the "DRL" procedure, 82 for example. Most of the situations which we have studied in the monkey have involved negative reinforcement with foot shock and, although the conditions of shock administration varied considerably, it may be argued that the quality of the emotional response was similar as long as the threat remained similar, most likely in this instance representing a fearful or anxious type of response. At best, of course, we can only speculate regarding the subjective state of the animal, but it is possible that attempts to design experiments with these issues in mind may lead to further informative work in this field with experimental animals. It also appears that any attempts to evaluate the relative importance of the adrenal medulla and adrenergic nerve endings as possibly dissociable sources of catecholamine secretion in response to emotional stimuli may best be carried out in ablation experiments with laboratory animals. Little, if any, data bearing on this basic question are available as yet.
There are several physiological issues which deserve some mention for their relevance to future psychoendocrine research with the sympathetic-adrenal me-dullary system. It has often been pointed out that only a small percentage, roughly in the vicinity of 5%, of the epinephrine and norepinephrine secreted in the body appears as the unchanged parent compounds in the urine.
as ' 101 This raises the question, then, of the possibility that changes in urinary output of epinephrine and norepinephrine might under some conditions reflect changes in the metabolism or percentage of excretion rather than the rate of internal secretion of these compounds. Unfortunately, very little work has been done as yet to raise this issue from a theoretical to an experimental level. Presumably, most workers who have measured only the parent compounds in the urine have received reassurance from the general plausibility and reproducibility of the observed responses in relation to stimulus presentation and have felt little need from a practical standpoint to delve into this question. The major breakdown products of epinephrine and norepinephrine, however, are now known and measurable. It appears possible, then, to obtain data on this question by the concurrent measurement of urinary levels of epinephrine, norepinephrine, metanephrine, normetanephrine, and VMA under a variety of different conditions comparable to those employed in previous psychoendocrine studies. Until such data are obtained, the importance of this issue for psychoendocrine research will remain problematical, but it certainly cannot be fully dismissed at present.
The question of the importance of muscular activity as a variable in psychoendocrine studies of catecholamine responses is also in need of further clarification. Silverman et al. were impressed by the importance of this variable in some of their studies with normal human subjects. 101 One of the obstacles in this field is the considerable difficulty in eliminating emotional or psychological reactions in experimental situations in which subjects are required to undergo muscular exertion. Recent work on corticosteroid regulation indicates that, when emotional reactions can be minimized, muscular activity per se may not elicit substantial changes in corticosteroid levels. 89 We cannot assume the situation to be the same for catecholamines, of course, although most of the observations reported so far that relate catecholamine responses to muscular exertion involve situations in which the possibility of contaminating emotional reactions are not systematically considered. However, certain findings-such as the elevation of epinephrine levels in manic, hyperactive patients, 1 • 10<i which contrasts with the low corticosteroid levels reported in similar patients 83 -along with the results obtained by Silverman et a/., 101 suggest that this issue may deserve closer attention in future psychoendocrine studies. It is possible, of course, that if this dissociation between 17-OHCS and epinephrine levels can be confirmed in manic patients, it may also be explained on the basis of psychological factors-such as in relation to a distinction between distress and excitement, for example.
Summary
There appears now to be no reasonable doubt that both epinephrine and norepinephrine belong to the category of hormones which are responsive to psychological influences.
Catecholamine levels, furthermore, appear sensitively to reflect relatively common, psychological reactions associated with "everyday" events, tasks, and activities. As in the case of the pituitary-adrenal cortical system, it appears that the central nervous system may exert an ongoing "tonicity" on catecholamine levels which reflects environmental and psychological factors. The findings in this field have, in fact, suggested that systematic study of a wide variety of com-mon tasks or activities and common methods of relaxation may reveal a surprisingly extensive range of diverse, ongoing psychoendocrine adjustments in everyday life. The possibility that catecholamine responses to such events may further be correlated with performance effectiveness, as suggested by some studies, may be another fruitful area for future exploration. These approaches appear likely to have industrial and military, as well as physiological and medical, implications.
There is some evidence that psychological factors may lower as well as raise catecholamine excretion levels and that certain types of pleasant as well as unpleasant forms of emotional reaction may be associated with elevated catecholamine levels.
Dissociation between epinephrine and norepinephrine levels in relation to psychological influences has been demonstrated.
The precise psychological determinants of epinephrine versus norepinephrine release remain one of the most intriguing issues in the psychoendocrine field. While there are some indications, particularly in human studies, that aggressive versus anxious reactions are particularly relevant to the catecholamine excretion pattern, this problem is in need of further, more comprehensive study. Funkenstein's concept of the psychological basis of differential catecholamine secretion cannot yet be regarded as being definitively evaluated.
It appears that anticipation of experiences or situations involving a high degree of novelty or unpredictability may be associated with especially marked catecholamine responses.
Marked individual differences in catecholamine and psychological responses to a given situation have been found in many studies. The significance of mean group values based solely upon situational criteria is therefore rather limited. Increasing emphasis should be placed in the future on defining the psychological, constitutional, physical or other determinants of these differences in levels of response between individual subjects. From the psychological standpoint, this will require systematic assessment of multiple factors, including emotional state, the style and effectiveness of psychological defenses, dynamic factors in each individual's behavior, and cognizance of the social environment.
Many of the methodological principles which have emerged from psychoendocrine studies of the pituitary-adrenal cortical system 83 also have been found to apply to the study of epinephrine and norepinephrine regulation. These principles pertain to such issues as the choice of reliable hormone assay methods, fitting the sample collection design to the dynamics of the response under study, taking the diurnal rhythm fully into account in acute experiments, the choice of control measures (e.g., eliminating novelty or "first experience" effects from clinical studies), the value of "longitudinal" versus "contrast" studies in patients, and the choice of methods for obtaining correlative psychological data. 83 Lack of systematic psychological measurements has been one of the principle deficiencies in psychoendocrine research on the sympathetic-adrenal medullary system.
There has been a strong emphasis in this field so far on the study of normal human subjects in stressful laboratory situations. In comparison with research on the pituitary-adrenal cortical system, 83 catecholamine studies are not yet so well balanced in terms of studies of psychiatric disorders in patients, of normal human subjects in natural life situations, and of highly controlled stressful laboratory conditions with experimental animals.
There has also been a notable lack of studies of catecholamine levels in rela-tion to chronic stressful situations that extend over periods of weeks, months, or years, similar to work concerned with 17-OHCS levels. 83 As in the case of the pituitary-adrenal cortical field, the findings reviewed here indicate an urgent need to incorporate the psychoendocrine aspect of sympathetic-adrenal medullary regulation more broadly into attitudes concerning physiology-particularly from the practical viewpoint in work involving metabolic or endocrine measurements in conscious animal or human subjects. Much of our existing knowledge of the response of this system to physical stimuli, which has been gained by work in conscious subjects, may bear close re-evaluation with regard to the possible role that psychological factors may have played in the determination of the observed catecholamine responses.
The findings in this field reinforce the conclusion that psychoendocrine research and concepts must not remain confined to the psychiatric and behavioral fields alone, but rather that they have important implications for future work in other biological fields as well. 
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